This study explores the effect of different speaker intonation strategies in audio messages on attention, autonomic arousal, and memory. An experiment was conducted in which participants listened to 16 radio commercials produced to vary in pitch range across sentences. Dependent variables were self-reported effectiveness and adequacy, psychophysiological arousal and attention, immediate word recall and recognition of information. Results showed that messages conveyed with pitch variations achieved better scores compared to commercials with a homogenous pitch range across the sentences. This was especially the case when high pitch intonation was followed by low pitch within a sentence. Results increase our understanding of the influence of pitch range on processing by establishing a concrete strategy as a best practice for improving attention and memory.
Regarding radio messages, we know that some structural features of the message, such as aspects of the announcer's voice, have an important impact on the cognitive processing of the listener, as they can provoke an automatic allocation of the limited resources in the human cognitive system (e.g., Lang, 2000; Potter, 2000) . According to the Limited Capacity Model of Motivated Mediated Message Processing (LC4MP, Lang, 2000; 2006) , cognitive resources are allocated to messages in the form of both controlled and automatic processing (Lang, 2000) . Controlled allocation of resources occurs as result of the information being of interest to the listener. For example, when a person hears a commercial for a product that they want to buy soon, they allocate controlled resources to determine whether the ad provides important information for their purchasing decisions. In addition to this, aspects of the audio production-such as voice changes and production effects-elicit automatic responses from listeners due to the auditory novelty introduced (Potter, 2000; Potter, Lynch, & Kraus, 2015) . The primary goal of this manuscript is to study whether pitch range of announcer speech can also enhance attention and memory in listeners.
To accomplish this, different announcer intonation strategies were employed in radio commercials to see how they affect the cognitive processing of the listener. It is important to understand the effect of intonation strategy on audience cognition because, unlike other structural features such as jingles, sound effects, and multiple speakers, it is truly employable by any speaker creating an auditory message-recorded or live. In this study, we also employ a broad triangulation of measures to establish how pitch variations in a discourse affect self-reported message effectiveness and adequacy, autonomic arousal, cognitive resource allocation, immediate word recall, and sentence recognition.
Intonation as a Dual Mode of Meaning
Intonation is conceptually defined in this study as a group of pitch variations (high tones and low tones) produced in a spoken sequence that functions to group syntactic units, PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 4 as well as reflecting pragmatic meanings related to information structure and a wide variety of linguistic phenomena (e.g., Hammerschmidt & Jurgens, 2007; Wells 2007; Globerson, Amir, Golan, Kishon-Rabin & Lavidor, 2013) . As Wells (2007) explains, intonation is the melody of speech. This intonation melody is produced through the combination of two general levels, high (H) and low (L) pitch, according to the Autosegmental-Metrical (AM) model (Pierrehumbert, 1980; Ladd, 1996) . In English, these two tones are used to distinguish boundary tones and pitch accents. The rest of the variations, including pitch range changes, usually convey different levels of emphasis (Dilley, 2010) , and in certain cases, categorical differences in meaning (Braun, 2006; Borras, Vanrell & Prieto, 2014) . In this study, we do not use categorical meaning. The most common combination in a declarative sentence is high pitch followed by low pitch during the duration of the sentence (Ladd, 1996; Hirschberg, 2003) . In this pattern, high pitch may operate to attract the listener's attention and then low pitch and descending contours may convey the full extent of the message. Thus, the way pitch range variations occur across the sentence might be particularly influential during the processing of the information, as a dual mode of meaning.
Some authors have demonstrated that intonation influences the cognitive processing of messages (e.g., Hirschberg & Pierrehumbert, 1986; Levi & Pisoni, 2007; Rodero, 2015) , but few studies have focused on pitch range. Fraundorf, Watson and Benjamin (2010) analyzed the effects of pitch accenting and showed that memory tests using probes accented with a high pitch range increased hits to correct statements and correct rejections of foils and did not impair memory for other parts of the discourse. These results suggest that listeners use pitch range differences to encode and update discourse information and thus facilitate memory and recall.
Recent research suggests that the intonation strategies of broadcasters are not optimal for perception and cognitive processing in audiences (Bolinger, 1998; Francuz, 2010;  PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 5 Nihalani & Po Lin, 1998; Price, 2008; Rodero, 2013b and Strangert, 1991) . However, none of these studies have investigated the effects of pitch range variations across the sentence as an intonation strategy in an entire message. We used text from actual radio advertisements to produce our stimuli varying in pitch range to test our hypotheses.
Furthermore, in addition to self-report and memory data, we use psychophysiological indices of cognitive processing and autonomic arousal. Gussenhoven (2004) establishes two types of pitch variations in the curve of intonation: pitch level and pitch range. Pitch level represents the register or midline where the melodic contour is delivered while pitch range is the difference or distance between the highest and the lowest pitch level. In this study, pitch variations were produced by varying both pitch level and range. Radio commercials were created to include one of four intonation patterns for comparison. In two commercials, the announcers spoke homogeneously in either the expanded pitch range (HH, High) or the compressed pitch range (LL, Low). The HH pattern was produced with a high fundamental frequency (F0) topline and homogeneous expanded pitch range of most pitch accents, and the LL pattern was produced with a low F0 topline together with homogeneous compressed pitch range in most pitch accents. These are the most common patterns used in public speaking and on the radio and television, both in news and in commercials (Bolinger, 1982; Cotter, 1993; Grawunder, 2008; McGregor & Palethorpe, 2008; Price, 2008; Francuz, 2010; De-la-Mota & Rodero, 2011; Rodero, 2015) .
Pitch variation and the Dual Function
The HH is the most typical in media messages, and it is suggested as an announcing practice (Neil, Worrall, Day, & Hickson, 2003; Stephenson, Reese, & Beadle, 2013) . The HH is a very emphatic pattern used by broadcasters for attracting attention. The LL pattern sounds, more monotonous, can be found in public speaking (not trained speakers) and in some commercials for conveying relax or sensuality (Prieto, Payà & Vanrell, 2014) . In the other PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 6 two levels, the announcer combined the two pitch ranges across two pitch variations: the most typical in declaratives: High-Low; and the opposite, Low-High (henceforth HL and LH, respectively).
A central hypothesis of this study is that exploiting pitch range variations in different parts of the sentences will affect the listener's cognitive processing of the message. This hypothesis is based on the principle of distinctive and contrastive coherence of prosody (Rodero, 2015) . While the distinctive function distinguishes different parts of the sentence into prosodically distinct units, the contrastive function establishes an acoustic contrast between high and low pitch. Consequently, pitch variations fulfil a dual function. Rodero (2015) applied this principle to two models of radio news bulletins with different intonation/stress and speech rates. The results showed that the recognition of information was highest for news bulletins where this principle was observed. For this reason, we expect that stimuli in the current study featuring pitch change will result in better processing than stimuli with homogenous pitch. However, since both the HL and the LH patterns follow the principle of distinctive and contrastive coherence, it is important to consider which combination is likely to be optimal.
A pitch range contrast prosodically may emphasize both syntactic and semantic distinctions between the two parts of the sentence. The syntax plays a key role in this study, as it is important to choose a concrete pitch pattern (Selkirk, 2008) . The syntactic distinction is the part before the variation being recognized as distinct from the part after it. However, the semantic differentiation is one of relative meaning among the topics in the discourse. In English, the most common semantic divisions put "accessory information" in the first part of a sentence and more relevant information in the second. For example, in the statement "If you have problems in Mathematics, Potter's Learning Center can help," having a pitch change occur after the italicized segment sets the two phrases apart both syntactically and PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 7 semantically. Once again, syntactically the change in pitch communicates that two separate ideas are present. English listeners are accustomed to accessory information occurring at the beginning of the sentence and having more important information follow (Bock & Mazella, 1983) . Furthermore, it is more prevalent in English that accessory information is delivered in a high pitch and then elaborated upon with the most important details communicated in a low pitch (Ladd, 1996; Gussenhoven, 2004; Estebas, 2008) . The higher the initial pitch, the stronger the break with the preceding sentence will be perceived (Gussenhoven, 2004) . In other words, although some pitch variation is better than none due to the automatic attention capture that happens at the point of the pitch change (Potter, Jamison-Koenig, Lynch, & Sites, in press), the more recalled pattern in English would be HL. Also, as some studies have shown, prosody as a form of intonation provides the basic auditory structure to maintain an acoustic sequence in memory while the brain processes it (Frazier, Carlson & Clifton, 2006 ).
The HL pattern should be easier retained in memory as contrastive elements are better recalled.
The LH pattern reverses this optimal order, the important information in the last part of the sentence is delivered in a high pitch while "accessory" information at the beginning is identified with a low pitch. Potter et al. (in press) have shown that unexpected changes in pitch result in worse memory than expected changes. Therefore, the following hypothesis is made:
H1: The patterns implementing the HL pitch range variation will attain the highest level of recognition memory and immediate recall compared to the other patterns.
In the current study, furthermore, we predict that psychophysiological correlates of effective cognitive processing are likely to be greater for messages containing pitch variations than those containing homogenous pitch. However, similar to our rationale for the PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 8 first hypothesis, we feel that there will be greater arousal and lower heart rate (indicative of increases cognitive resource allocation) in response to the HL messages compared to all the others. High-pitched sounds, due to their acoustic characteristics, attract attention, which is why alarm claims are produced in a high pitch. The same principle can be observed in voice perception. The High Voice Superiority Effect (e.g., Marie & Trainor, 2013) shows the perceptual dominance of sounds with high F0; a phenomenon which has been observed in humans as early as 3-months of age. This perceptual effect might be explained by the physiological properties of the cochlea, which are designed to respond quickly to high pitch sounds (Marie & Trainor, 2013) . Moreover, expanded pitch range has been correlated with emphasis (Liberman & Pierrehumbert, 1984) . Consequently, high pitch can function to grab attention (Hill & Miller, 2010) . Then, once captured, the most important part of the sentence is delivered in a low pitch to conclude the message (Francuz, 2010; Pierrehumbert & Hirschberg, 1990; Rodero, 2015) . This contrastive effect should attract attention and increase activation. Since the LH pattern also involves a contrast between two level tones (low-high), we might hypothesize that this pattern could also increase attention and arousal levels.
However, since there is a strong tendency for declarative intonation patterns to be HL, we also expect that LH pattern will achieve less arousal and cognitive resource allocation than the HL pattern. The second hypothesis follows:
H2: The HL pattern of pitch range variation will elicit the greatest levels of sympathetic nervous system activation (measured as skin conductance) and cognitive resource allocation (measured as heart rate) compared to the other patterns.
Finally, we make predictions about how the stimuli will be perceived by subjects regarding their effectiveness and adequacy of audio messages. We predict that the messages with pitch variations will be better perceived than those without because people are used to PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 9 listening to different pitch variations. In fact, when someone talks, they use different tones and not a constant or repetitive intonation. Rodero (2013) showed that the repetitive intonation pattern used by broadcasters was negatively assessed compared to a natural intonation pattern. As pitch variations sound more natural, the participants should rate this pattern as more adequate. However, the HL pattern is hypothesized to be the most effective and adequate. From a linguistic point of view, the HL pattern exploits a persuasive characteristic of the intonation of broad focus statements across languages (e.g., Cruttenden, 1997; Grosz & Sidner, 1986; Hirschberg & Pierrehumbert 1986; Ladd, 1996; Wells, 2007) . This is a common intonation used in declaratives in many languages. Therefore, the final hypothesis is posited:
H3: The HL pattern will result in the highest self-reported effectiveness and adequacy compared to the rest of the patterns.
Method
The design of the experiment was a 4 (intonation pattern) x 4 (message) x 4 (order) mixed factorial design. The order was a between-subject factor. The intonation pattern was a within-subject factor, with four levels. The first intonation pattern was delivered in a consistently low pitch range, the second pattern in a consistently high pitch range, the third began with high pitch and transitioned to low pitch, the fourth began with low pitch and transitioned to high pitch. Each pattern of intonation consisted of two informative and two narrative messages. Each intonation pattern was in all the possible positions. Participants were randomly assigned to an order.
Participants
Fifty-one participants (30 females) from a university in the Midwest United States participated in the main study. Most of the participants (90%) were native to North America, however, all a high level of English proficiency. The average age was 31 years.
Procedure
After obtaining informed consent, physiological sensors were attached to the palm and forearms of the participant. Each participant then listened to the 16 commercials using quality headphones. Immediately after each message, the participant was given 30 seconds to complete the immediate recall task. They then had to assess the commercial using the effectiveness and adequacy scales. This same procedure was repeated with all 16 commercials. The sensors then were removed and, as a distraction task, they had to complete a test of resting trait motivation activation by rating 41 still images on three 9-point scales (Lang, Kurita, Rubenking & Potter, 2011) . These data are not reported here. Finally, the participants completed the recognition test for the radio advertisements. Each participant received a $30 gift card for their participation.
Stimuli
Sixteen radio ads were selected from a pool of Mercury Award winning advertisements from the years 2000-2003. These were selected due to their being written, so that simple speech was the main element, expressed by only one voice, and with simple syntactic structures. All the ads selected offered products or services of interest to young people to ensure participant involvement and motivation. To control for two of the primary creative strategies, half the ads employed a narrative style and half an informative style.
Transcriptions of the commercials were made to modify the texts by reducing the duration of each commercial from one minute to 25 seconds. Therefore, the final stimuli lasted from 21 to 25 seconds.
The edited scripts were then produced by a professional male announcer combining the best values for pitch and voice quality (Jones, Feinberg, DeBruine, Little & Vukovic, 2008; Rodero, 2013) . The announcer had a relatively low pitch (M = 120 Hz, SD = 30), with a resonant voice quality. We selected a male voice to test pitch variations because they are more common in radio commercials. The speaker was coached in how to produce the precise prosodic variations required in the experiment. For the recordings of the HL and the LH patterns, two different parts in each sentence had to be prosodically distinguished, namely subject and predicate (e.g., Larson mowers / offer more bang for the buck than any other commercial mower) and subordinate clause and main clause (e.g., If there's one thing I remember about my father/ it's the time we spent ice fishing). Then the 16 ads were recorded in optimal acoustic conditions. The final version recorded by the announcer was not edited or manipulated.
The acoustics of the stimuli recordings were pre-tested using Praat software (Boersma & Weenink, 2016) to ensure they provided the patterns described in the experimental design. Results showed statistically significant differences for each prosodic pattern. First, there were significant differences in mean pitch level, The 16 stimuli were then perceptually pretested by participants (N = 20; 10 female) similar in age to those who would take part in the experiment. The pretest procedure consisted of an online survey where individual respondents listened to the ads and rated them using the effectiveness and adequacy scales. The goal of the pretest was to see if the commercials were perceived as similar to those commonly heard on radio and confirm that they did not sound exaggerated or unnatural. The results confirmed that there were significant differences among the four patterns for effectiveness, F(3,17) = 8.80, p = .004, and adequacy, 
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showed that the different pitch variations were perceived according to the intended pattern.
Dependent Variables
Memory was measured via tests of immediate recall and recognition accuracy. First, immediate word recall was measured after listening to each ad. Participants were given 30 seconds and instructed to type as many words from the ad they recalled into a blank box appearing on the computer screen. After all the stimuli were heard, and the subject completed a simple distraction task, recognition memory was measured using a forced choice, yes/no, timed recognition test to assess the efficiency of encoding. In the recognition task, each subject listened to 48 isolated sentences, three for each commercial message. Each of these sentences was taken from a different part of the ad (introduction, middle and conclusion).
The participants had to recognize whether they had previously heard them in the original commercial. There were 24 targets and 24 foils created by replacing two of the actual words spoken with synonyms. Using the keyboard, subjects were instructed to press one button if they had heard that segment earlier (Yes) and another button if they had not (No).
Recognition accuracy was scored as 1 for targets correctly identified.
Psychophysiological measures of arousal and attention were collected, time-locked to the stimuli presentation. Arousal was operationalized as the response of the sympathetic nervous system used to measure motivational response as well as an increase in engagement.
EDA was quantified by measuring the conductance of a constant voltage (.5V) delivered to two 8mm AG/AGCL electrodes placed on the palmar surface of the non-dominant hand.
EDA values were generated by a Biopac PPGEDR Bio-nomadix skin conductance coupler sampled at 1000Hz and aggregated at the 1-second level. Statistical analyses were performed in the first 21 seconds of radio ads collapsed across ad and condition.
Cognitive resource allocation was operationalized using cardiac activity measured initially as the electrocardiogram (ECG). The ECG was measured during the stimuli PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 13 presentation by means of two Beckman standard 8 mm Ag-AgCl electrodes placed on the forearms with a ground electrode on the non-dominant forearm. The ECG was sampled at 1000Hz using a Biopac bioamplifier. Milliseconds between the QRS-complex in the electrocardiogram were converted into heart rate (in beats-per-minute/second) and used as a physiological measure of attention, with lower BPM rates indicative of greater attention being paid to the radio messages (Potter & Bolls, 2012) .
Self-reported effectiveness and adequacy were measured using 5-point scales to assess listener perception of the commercials. Listeners were asked how clear, natural, pleasant, dynamic, and persuasive the voice was perceived to be. Calculating the mean of all these variables created the effectiveness index. The adequacy index was comprised of the mean degree of correctness, appropriateness, comprehensibility, and credibility of the voice.
These scales have been demonstrated as a valid in past research (Rodero, Larrea, & Vazquez, 2013 ) and achieved strong reliability (Cronbach's Alpha coefficient for effectiveness = .892; for adequacy = .725) in the current study.
i
Results
The data were submitted to a 4 (patterns of intonation) by 4 (orders) GLM with a Latin-Square analysis. The physiological data were submitted to a 4 (intonation pattern) by 4 (message) by 21 (time) repeated measures ANOVA for statistical analysis. The time factor was determined by the duration of the shortest commercial (21 seconds).
Effects of Pitch Variation on Memory
The first hypothesis posited that the HL messages would result in greater memory than the other messages. This was first tested with the immediate recall memory, which was measured as the percentage of correctly recalled words that had been heard in the ads. There 
Effects of Pitch Variation on Physiological Correlates of Arousal and Attention
Hypothesis 2 proposed that the pattern of pitch range variation should elicit the greatest levels of sympathetic nervous system activation and cognitive resource allocation compared to the other patterns.
Main effects were found for intonation pattern on average skin conductance level, 
Figure 1 here
The results of Heart Rate (HR) indicated only significant main effects for Time, F(2,48) = 20.14, p < .001. Nevertheless, when collapsed across time the mean heart rate values for each pitch pattern are in the predicted direction with the slowest heart rateindicative of the greatest allocation of processing resources-measured during the HL ads.
The HL ads (M = 93.35, SD = 2.99) obtained the lowest levels followed by LH ads (M = 93.71, SD = 2.89), LL (M = 94.27, SD = 2.92) and HH (M = 95.05, SD = 3). Therefore, the second hypothesis of this study was confirmed for autonomic arousal, where HL was significantly greater than the rest. The means of the cardiac data were in the predicted direction-with lowest average heart rate for HL pitch variation compared to the rest-but failed to reach statistical significance.
Effects of Pitch Variation on Perceptions of Effectiveness and Adequacy
It was also predicted that the HL pattern should achieve the best level of self-reported effectiveness and adequacy. A GLM with Latin Square analysis was performed. Using an alpha level of .001 to evaluate homogeneity assumptions, Box's M test of homogeneity of covariance was significant (p = .028) as well as Levene's homogeneity of variance for effectiveness (p < .001) and for adequacy (p < .001). As the principle of homoscedasticity was violated, two tests were applied to show whether or not differences between the groups were statistically significant. Both the Welch test and the Kruskal-Wallis H test were significant for effectiveness (p < .001) and for adequacy (p < .001). Table 1 shows the means and SD for the effectiveness and adequacy measures. The order of presentation was not significant in any of the analyzed variables.
Table 1 here
Regarding the effectiveness index, main effects were found for intonation pattern, F(3,811) = 7.25, p < .001. The results indicated that the pattern HL obtained the best score, followed by LH, HH, and LL. Post-hoc tests showed that the pattern HL was statistically different from the other patterns. There were no differences among the other three patterns.
Regarding the adequacy index, there was a main effect for pattern F (3,811) = 7.36, p < .001. The HL pattern scored the highest, followed by LH, LL, and HH (see Table 1 ). Posttest results showed that the no-variations patterns, HH and LL, were statistically different from the variations patterns, HL and LH.
The results confirm the hypothesis for the effectiveness variable and partially for the adequacy variable, where HL was statistically different from the rest of the patterns.
Discussion
The purpose of this study was to determine whether pitch range variations in audio messages, as radio advertisements, would influence listener's perception of effectiveness and adequacy, physiological arousal and attention, and memory. As predicted by our theoretical model (LC4MP, Lang, 2000 and 2006) , different pitch strategies modified the cognitive processing of the ads on the part of the participants to a greater extent than more homogenous vocal strategies. The pattern High-low pitch (HL) attained the most favorable results in perceptions of adequacy and effectiveness, autonomic arousal, and both immediate and delayed memory. The mean cardiac data was also suggestive of the superiority of having announcers vary the pitch of their delivery by starting high and changing to low. However, the results did not reach statistical significance.
These results might be explained by both linguistic and psychological reasons, in line with the principle of distinctive and contrastive coherence of prosody (Rodero, 2015) .
Fist, about recognition and recall, the results showed that the best pattern was HL, particularly in recall. In line with the distinctive function of prosody (Rodero, 2015) , the distribution of information between accessory and important data, signaled by an acoustic contrast, could have simplified the encoding process, so the listener still had available resources for storage of information, and thus recognition and immediate recall improved, according to the results of arousal. As a consequence, the cognitive processing of the information was attained, in line with the Limited Capacity Model of Motivated Mediated Message Processing (LC4MP, Lang, 2000 and 2006) . In the second pattern with pitch variations (LH), the level of recognition obtained the second best result, with no significant differences with HL. This finding also indicated that here pitch variations helped to distribute and to differentiate information, allocating more resources to encoding the message. Therefore, the encoding process was improved and the level of recognition increased.
However, the immediate recall was negatively affected. In this variable, LH did not obtain significant differences with no-variations patterns. Thus, for immediate recall, only the HL strategy correctly worked. This seems to suggest that the order of pitch variations was important for recall, as for arousal. The storage process needed not only pitch variations but also a high pitch at the beginning of the sentence for accessory information and to prepare listeners for the important data. The patterns with no variations achieved poor results due to the lack of acoustic differentiation between parts of the sentences and, therefore, because the principle of distinctive coherence of prosody was not observed (Rodero, 2015) .
Secondly, regarding arousal and attention, the HL pattern also obtained the best results. Acoustic changes provoked by pitch variations contributed to attracting the listener's attention, as was shown by the lowest HR level (although with not significant differences) and to increase their arousal, as shown in EDA results. In line with the contrastive function of prosody (Rodero, 2015) , the initial high pitch could have acted as an orienting element of attention (increasing the levels of attention and arousal) and then preparing the listener to hear the most important part. Although with no significant differences, the slowest heart rate -indicative of the greatest allocation of processing resources-was measured in HL.
Furthermore, the increase in the activation allocated more resources to process the message and could indicate a motivational response. Therefore, this pattern achieved the best results and was different from the rest. The second pattern with variations (LH) did not obtain significant differences with no-variations patterns. This appears to indicate that the order of pitch variations was very important for arousal, as for recall. It was difficult to provoke a high level of arousal and/or attention when the sentences began with a low pitch, which was not grabbing the attention and renewing it in every utterance. Regarding the patterns with novariations, the processing of information by the listener suffered because there was not acoustic differentiation between different parts of the sentences and, therefore, the principle of contrastive coherence of prosody was not observed (Rodero, 2015) . Third, with regard to self-reported perceptions of the stimuli, participants considered the HL pattern as the most effective and adequate. The reason is that this pattern used the most common model of intonation in declaratives sentences. Therefore, the participants could have perceived it as the most effective due to the familiarity effect. In addition, the acoustic contrast between high and low pitch might have sounded more natural and, thus, been perceived as the most adequate. The second pattern with variations did not achieve the best results due to its unusual structure (Low-high pitch), more proper for an interrogative than a declarative sentence. The patterns with no-variations achieved the worst results in selfperception, with no significant differences between them.
This study extends the current research about pitch range processing by applying the variations to a complex communicative message (e.g., radio ads), by studying the cognitive processing of the most common pitch strategies used in public speaking and in media messages, and by showing the effect of pitch range on the listener's physiological level. Also, if we consider that a key goal of any public speaking communication is to maintain listener's attention and that these listeners understand the content of messages, it is clear that the results of this study may have significant repercussions for all the professionals related to speech.
The conclusions may be of interest for the study of public speaking and its relationship with persuasive communication. The findings may be applied to improve the processing of auditory messages in media communication (audio in different platforms: radio, podcast, television and the Internet) and specifically in advertising and marketing. The application of persuasive strategies to improve the effectiveness of advertisements is a key aspect to increase the sale of products or services. Other potential areas could benefit from the results: political communication, education activities, language learning, or speech synthesis. Last, the conclusions of this study can be applied to health care to improve the cognitive processing of individuals with attention or recall disorders, for example, elder or children with attention deficit.
Limitations and Future Research
Concerning the patterns employed, it is worthwhile considering that, in normal conversation or reading, people vary the intonation more than the simple pitch variations presented in this research and they do not use only one pitch pattern. But in this study intonation has been simplified to four patterns to control the analyzed variables. Hence new patterns, combining different pitch patterns, will be considered in future research.
Another important limitation was that participants listened to sixteen radio commercials in only one session. This amount of commercials could have caused fatigue on the part of the listeners. Consequently, future research would try to reduce this amount of commercials to test whether or not the cognitive processing improves. In addition, the different structure of the ads, informative and narrative, did not obtain significant results. This could be due to the content of the selected commercials. Thus, this variable should be better controlled in future research.
Finally, this study employed only a male voice to test the different patterns. Pitch is a voice quality very related to gender and that is why the same intonation patterns conveyed PITCH VARIATIONS IMPROVE COGNITIVE PROCESSING 20 with a female voice might obtain different results. Therefore, it would also be appropriate to extend the study to female voices, which are usually more melodic. 
